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Description 

The present invention relates to a gas separating asymmetric hollow fiber membrane comprising an 
aromatic polyimide. In more detail, the invention relates to a gas separating asymmetric membrane having 

5 good heat-resisting property and pressure-resisting property. Particularly, the invention relates to a gas 
separating asymmetric hollow fiber membrane exhibiting an excellent gas transmission property (gas 
transmission rate) and a high gas selectivity. The invention also relates to a process for the preparation of 
such excellent gas separating asymmetric hollow fiber membrane. 

It has been previously known the process to prepare an asymmetric gas separating membrane 

70 (including an asymmetric hollow fiber membrane) having a homogeneous surface layer on one side and a 
porous layer on another side in accordance with the wet membrane-forming method in which are used a 
coagulation liquid and a solution of soluble aromatic polyimide made from the aromatic tetracarboxylic acid 
component comprising mainly biphenyltetracarboxylic dianhydride and an aromatic diamine component 
comprising mainly an aromatic diamine having -SO2- group in its molecular structure. For example, the 

75 process is disclosed in US-A-4,690,873. 

The above-mentioned gas separating membrane comprising the biphenyltetracarboxylic acid-type 
aromatic polyimide has not only good heat-resisting property and chemical-resisting property but also an 
excellent gas selectivity particularly for carbon dioxide gas. However, the membrane does not always 
exhibit satisfactory gas transmission rates when it is used for separating various gaseous mixtures in some 

20 practical use. Therefore, it is desired to develop a gas separating asymmetric membrane exhibiting 
improved gas transmission rate. 

In US-A-3,899,309 and US-A-4,71 7,394, a polyimide gas separating membrane made of an aromatic 
polyimide which is prepared from an aromatic diamine having one or two benzene rings and an aromatic 
tetracarboxylic acid component such as pyromellitic dianhydride, benzophenonetetracarboxylic dianhydride, 

25 biphenyltetracarboxylic dianhydride, 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropanic dianhydride (hereinafter 
referred to as "6-FDA"), or the like is disclosed. 

Further, with respect to a gas separating membrane exhibiting a high transmission rate for oxygen gas, 
there is known, for example, an oxygen enriching membrane of which separating layer is made of 
polyorganosiloxane (Japanese Patent Provisional Publication No. 1(1989) -94917). However, since this 

30 membrane exhibits a low gas selectivity in the case of oxygen gas separation from a mixed gas consisting 
of oxygen and nitrogen, it leaves something unsatisfactory when it is used for obtaining highly purified 
oxygen gas, for example, for the purpose of oxygen enriching or nitrogen enriching for medical use. 
Therefore, it is desired to develop a gas separating membrane having both an excellent gas transmission 
rate and a high selective permeability (selectivity). 

35 EP-A-0 407 172 relates to a process for preparing an aromatic polyimide separation membrane, which 
process comprises fluorinating an aromatic polyimide membrane with active fluorine. This document is cited 
under Article 54(3) and (4) EPC. 

An object of the present invention is to provide a gas separating asymmetric membrane including a gas 
separating asymmetric hollow fiber membrane which is made of a new aromatic polyimide and which has 

40 excellent properties such as heat-resisting and chemical-resisting properties and which exhibits not only a 
high selective permeability (a high gas selectivity) but also a gas transmission rate (for example, an oxygen 
gas transmission rate) superior to those of known polyimide gas separating membranes. 

Another object of the present invention is to provide a process by which the above gas separating 
asymmetric hollow fiber membrane can be prepared easily with high reproducibility. 

45 The invention resides in a gas separating asymmetric hollow fiber membrane comprising an aromatic 
polyimide of which recurring unit is expressed by the formula (I): 



50 
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wherein A 1 is a tetravalent unit, at least 40 molar % of which has a diphenylhexafluoropropane structure 
expressed by the formula (II): 




(ID 



TO 



and A 2 comprises at least two divalent units, at least 35 molar % of which is selected from the group 
consisting of 

a unit expressed by the formula (IV): 



75 



20 




(IV) 



25 



in which R 1 and R 2 independently represent hydrogen or an organic group and n is 0, 1 or 2 , and 
a unit expressed by the formula (V): 



30 




(V) 



35 



40 



45 



50 



in which R 3 and R* independently represent hydrogen or an organic group and X is -Ob- or -CO-, and 
the rest of A 2 is a divalent unit derived from a divalent aromatic amine by eliminating its amine groups, said 
divalent aromatic amine being selected from the group consisting of diaminodiphenylethers, dia- 
minodiphenylmethanes, diaminodibenzyls, diaminobenzophenones, bis(aminophenyl)propanes, benzidines, 
phenylenediamines, 3,5-diaminobenzoic acid and 2,6-diaminopyridine. 

Preferably, the organic group for R\ R 2 , R 3 , and R 4 is an alkyl group having 1-6 carbon atoms such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, pentyl or hexyl, an alkoxy group having 1-6 carbon 
atoms such as methoxy, ethoxy or isopropoxy, or a hydroxyalkyl group having 1-6 carbon atoms such as 
hydroxy methyl, hydroxy ethyl or hydroxy propyl. 

Preferably, the gas separating asymmetric membrane of the invention comprises an aromatic polyimide 
of which recurring unit is expressed by the formula (I): 



O 
II 

c 



c \ 
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II 
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(I) 



55 



[wherein 40-100 molar %,of A 1 is a tetravalent unit having a diphenylhexafluoropropane structure expressed 
by the formula (II): 
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5 




(ID 



and the rest of A 1 is a tetravalent unit having a biphenyl structure expressed by the formula (III): 




(III) 

and 35-100 molar % of A 2 is 

a divalent unit expressed by the formula (IV): 



25 




(IV) 



(in which R\ R 2 and n are the same as above); and/or 
a divalent unit expressed by the formula (V): 

30 



35 




(in which R 3 , R 4 and X are the same as defined as above); 
40 and the rest of A 2 is a divalent unit derived from a divalent aromatic amine by eliminating its amine 
groups, said divalent aromatic amine being selected from the group consisting of diaminodiphenylethers, 
diaminodiphenylmethanes, diaminodibenzyls, diaminobenzophenones, bis(aminophenyl)propanes, ben- 
zidines, phenylenediamines, 3,5-diaminobenzoic acid and 2,6-diaminopyridine. 

The gas separating asymmetric hollow fiber membrane of the invention can be prepared by a process 
45 which comprises the steps of: 

preparing a dope solution in which an aromatic polyimide (which is soluble in a certain polar organic 
solvent) of which recurring unit is expressed by the above-mentioned formula (I), 

extruding the dope solution from a spinning nozzle in the form of a hollow filament, and 
introducing the hollow filament into a coagulation liquid of a polar organic solvent to form a coagulated 
so gas separating hollow fiber membrane. 

The gas separating asymmetric hollow fiber membrane of the invention is made of an aromatic 
polyimide consisting essentially of the recurring unit expressed by the above formula (I) which is soluble in 
certain organic solvents, and comprises a very thin (preferably, 0.001-5 urn) homogeneous layer, which 
directly influences to the gas selective property, and a comparatively thick (preferably, about 10-2,000 urn) 
55 porous layer, which supports the homogeneous layer, in a body. The membrane of the invention is in the 
form of a gas separating asymmetric hollow fiber membrane (i.e., gas separating asymmetric hollow 
filament) through which the aimed gas in a gaseous mixture can permeate selectively. 
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Aromatic polyimides other than the aromatic polyimide of the invention are disadvantageous as the 
material for the gas separation asymmetric membrane, because some such polymer having high molecular 
weight can not be easily prepared, some such polyimides are insoluble in polar organic solvents, and it is 
difficult to prepare some such polyimide solution suitable for forming gas separating asymmetric mem- 
branes. Even if some gas separating asymmetric membranes using such polyimides can be formed, their 
oxygen gas transmission rates are less than the practically desired level such as 37.5O0" 11 



m3 

• s • Pa 



(5«10~ 5 cm 3 /cm 2 «sec»cmHg). 

As described hereinbefore, some 6-FDA-type aromatic polyimides are known. However, according to 
the study by the present inventor, the known 6-FDA-type aromatic polyimides have some disadvantages. 
is For example, a polymer having high molecular weight can be hardly prepared in the case where some of 
the indicated aromatic amine components are used, and even if a polyimide solution is prepared, it is very 
difficult to form with high reproducibility a gas separating asymmetric membrane exhibiting both an 
excellent gas transmission rate and a high gas selectivity. 

The recurring unit expressed by the formula (I) preferably comprises the units expressed by the 
20 following formulae (VI) and (VII): 



25 



30 




N — B- 



(VI) 



35 




N— C- 



(VII) 



40 



45 



50 



[wherein B and C independently represent divalent aromatic residues which are obtained by eliminating 
amino groups from aromatic diamines. 

The aromatic polyimide employable for the invention preferably has the recurring unit expressed by the 
formula (VI) in an amount of 40-100 molar %, more preferably 45-100 molar %. 

The aromatic polyimide having the recurring unit of the above formula (I) can be prepared, for example, 
by polymerisation and imidization, in an organic polar solvent, of the aromatic tetracarboxylic acid 
component consisting of 2,2-bis(3,4-dicaboxyphenyl)hexafluoropropane or its acid dianhydride or its lower 
alcohol esters in an amount of at least not less than 40 molar %, preferably not less than 45 molar %, more 
preferably not less than 50 molar %, and biphenyltetracarboxylic acid or its derivative such as its acid 
dianhydride or its ester, for the rest; with the aromatic diamine component consisting of aromatic diamine 
compounds expressed by the following formulae (VIII) and/or (IX): 



55 
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(VIII) 



(IX) 



75 (wherein R\ R 2 , R 3 , R 4 , n and X are the same as defined in the formulae (IV) and (V)) in an amount of not 
less than 35 molar %, preferably not less than 40 molar %, and other aromatic diamine compounds having 
at least two benzene rings for the rest, in approximately equal molar amount to that of the acid component. 

Examples of preferable biphenyltetracaboxylic acids in the above aromatic tetracarboxylic acid compo- 
nent include 2,3 t 3\4'-biphenyltetracarboxyiic acid, its acid dianhydride, S.S'A^-biphenyftetracarboxylic acid 
20 and its acid dianhydride. 

Together with the above compounds, employable for the tetracarboxylic acid component are 
biphenylethertetracarboxylic acids and their reactive derivatives such as S.S'.M'-biphenylethertetracarbox- 
ylic acid and its acid dianhydride, bensophenonetetracarboxylic acids and their reactive derivatives such as 
3 f 3',4,4'-benzophenonetetracarboxylic acid and its acid dianhydride, and pyromeilitic acids and their 
25 derivatives such as pyromeilitic acid and its acid dianhydride, on condition that their amounts are so small 
as not exceed 10 molar % (preferably employed in the amuont of not more than 5 molar %). 

Preferable examples of aromatic diamine compounds expressed by the above formula (VIII) include 
diaminobenzothiophenes expressed by the formula (X): 

30 



35 




which is the case that n is 0 in the formula (VIII), and diaminodiphenylenesulfones expressed by the formula 
40 (XI): 



45 




(XI) , 



so which is the case that n is 2 in the formula (VIII). 

Examples of the above diaminobensothiophenes (expressed by the formula (X)) include 3,7-diamino- 
2,8-dimethyl-dibenzothiophene, 2,8-diamino-3,7-dimethyl-dibenzothiophene, 3,7-diamino-2,6-dimethyl-diben- 
sothiophene and 3,7-diamino-2,8-diethyf-dibensothiophene. 

Examples of the above diaminodiphenylenesulfones (expressed by the formula (XI)) include 3,7- 
55 diamino-2 f 8-di-methyl-diphenylenesulfone, 3,7-diamino-2,8-diethyl-di-phenylenesulfone, 3,7-diamino-2,8- 
dipropyl-diphenylenesuifone, 3,7-diamino-2,8-dimethoxy-diphenylenesuifone and 2,8-diamino-3,7-dimethyl- 
diphenylenesulfone. 
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Examples of diaminothioxanthene-5,5-dioxides, of which structures are expressed by the formula (IX) in 
which X is -CH 2 -, include 3,7-diamino-thioxanthene-5,5-droxide, 2,8-diamino-thioxanthene-5,5-dioxide and 
3,7-diamino-2,8-dimethyl-thioxanthene-5,5-dioxide. 

Examples of diaminothioxanthone-5,5-dioxides, of which structures are expressed by the formula (IX) in 
5 which X is -CO-, include 3.7-diamino-thioxanthone-5,5-dioxide and 2,8-diamino-thioxanthone-5,5-dioxide. 

The aromatic diamine compounds having a plural number of benzene rings employable as the 
abovementioned aromatic diamine component together with the aromatic diamine compounds are ex- 
pressed by the formulae (VIII) and (IX) include diaminodiphenylether compounds such as ^-dia- 
minodiphenylether, S.S'-dimethyM.^-diamino-diphenylether, S.S'-dimethoxy-M'-diaminodiphenylether and 
w 3,3'-diamino-diphenylether; diaminodiphenylmethane compounds such as 4,4'-diaminodiphenylmethane and 
S.^-diaminodiphenylmethaneidiaminobibensyl compounds such as M'-diaminobibensyl and M'-diamino- 
2,2 , -dimethylbi-bensyl; diaminobenzophenone compounds such as 4,4'-diaminobenzophenone and 3,3'- 
diaminobenzophenone; bis(aminophenyl)propane compounds such as 2 ? 2-bis(4-amino-phenyl)propane and 
2,2-bis(3-aminophenyl)propane; and benzidine compounds such as 3,3'-dimethyIbenzidine and 3,3*- 
t5 dimethoxybenzidine. 

Aromatic diamine having a benzene ring or a pyridine ring such as o-, m-, and p-phenylenediamine, 
3,5-diamino-benzoic acid and 2,6-diaminopyridine can be used as a portion (approximately not more than 
10 molar %) of the aromatic diamine component. 

Particularly preferred aromatic polyimides employable for the gas separating membrane of the invention 

20 are prepared from the aromatic tetracarboxylic acid component consisting of 2,2-bis(3,4-dicaboxyphenyl)- 
hexafluoropropane or its acid dianhydride or its lower alcohol ester in an amount of at least not less than 45 
molar %, preferably 50-100 molar %, and S.S'A^-biphenyltetracarboxylic acid or its acid dianhydride for 
the rest; and the aromatic diamine component consisting of the aromatic diamine compound expressed by 
the above formulae (VIII) and/or (IX) in an amount of not less than 50 molar %, preferably 70-100 molar %, 

25 and the aromatic diamine compound having a plural number of benzene rings (diaminodiphenylethers are 
particularly preferred) for the rest. The aromatic polyimides prepared in the above-described manner are 
excellently soluble in polar organic solvent. The polymer solution prepared by the combination of the 
aromatic polyimide of the invention and the polar organic solvent is very suitable for forming a gas 
separating asymmetric membrane, and furthermore, a gas separating asymmetric membrane such as a gas 

30 separating asymmetric hollow fiber membrane made of such aromatic polyimide exhibits not only excellent 
properties (heat-resistance, durability etc.,) but also high gas transmission rate and gas selectivity at the 
same time. 

From the viewpoint of extruding the aromatic polyimide solution from a spinning nozzle, a solution 
viscosity (rotational viscosity) of "the dope solution (aromatic polyimide solution) in which the aromatic 

35 polyimide is dissolved in a polar organic solvent" to be used for spinning hollow filament in the process for 
the preparation of the gas separating hollow fiber membrane of the invention is desired to be within a range 
of 1-2000 Pa*s (10-20,000 P (poise)), preferably 5-1000 Pa*s (50-10,000 P), more preferably 10-800 Pa*s 
(100-8000 P) at the temperature adopted in the spinning process. Further, sucli solution viscosity is also 
advantageous in extruding the dope solution through a dye to coat the solution on a substrate. 

40 A logarithmic viscosity of the aromatic polyimide in the above aromatic polyimide solution is preferably 
within a range of 0.1-7, more preferably 0.2-5 at the temperature of 30 d C (at concentration: 0.5 g/100 ml; 
solvent: mixed solvent consisting of 4 parts by volume of p-chlorophenol and 1 part by volume of o 
chlorophenol). 

The polar organic solvent employed for the preparation of the aromatic polyimide by polymerization and 
45 imidization of the above-mentioned acid component and the diamine component can be also directly used 
as the polar organic solvent in which the above aromatic polyimide is dissolved. It is preferable that the 
solvent homogeneously dissolve the above aromatic polyimide and be compatible with a coagulation liquid 
used in the below-described spinning or extruding procedure. Further, the melting point of the solvent is 
preferably not higher than 200 *C, more preferably not higher than 150*C. Preferable examples of the polar 
so organic solvents include phenol-type solvents such as phenols (e.g., phenol, cresoi and xylenol), catechols 
having two hydroxy! groups directly connecting to benzene ring, and phenol halides (e.g., 3-chlorophenol, 4- 
chlorophenol [hereinafter referred to as "PCP"], 4-bromophenol and 2-chloro-5-hydroxytoluene); amide-type 
solvents such as N-methyl-2-pyrrolidone, N.N-dimethylformamide, N,N-diethylformamide f N.N- 
dimethylacetamide and N,N-diethylacetamide; and the mixtures of the above-mentioned solvents. 
55 A coagulation liquid used in the preparation of the gas separating asymmetric membrane of the 
invention is a polar solvent which does not substantially dissolve the aromatic polyimide and which is 
compatible with the solvent of the aromatic polyimide solution. Examples of the coagulation liquid include 
water; lower alcohols such as methanol, ethanol, propanol and iso-propanol; ketones such as acetone, 
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methyl ethyl ketone, diethyl ketone and ethyl propyl ketone; and the mixtures of water and polar organic 
solvents such as tower alcohols and ketones. 

A preferable process for the preparation of the gas separating hollow fiber membrane of the invention, 
for example, comprises the steps of: 
5 extruding the above-mentioned aromatic polyimide solution to the air from a spinning nozzle to form a 
hollow filament, 

dipping the hollow filament into a primary coagulation liquid (at a temperature of approximately from 
-10° C to 60* C) which is settled just under the spinning nozzle, 

coagulating the surface of the hollow filament in the liquid until the filament can retain its shape for 
10 itself, 

installing the filament around guide rolls, 

introducing the filament to a pair of guide rolls in a secondary coagulation liquid, 
coagulating the filament thoroughly, as far as its inside portion, by running between the pair of guide 
rolls, 

75 and finally 

winding up the formed gas separating hollow fiber membrane by means of a pulling roll. A rate of 
pulling the hollow filament by the pulling roll is preferably within a range of approximately 2-80 m/minute. 

Preferably, the gas separating hollow fiber membrane formed in the above-described manner is subject 
to a further procedure which comprises the steps of: 
20 replacing the coagulation liquid remaining in the hollow fiber membrane thoroughly with a substituting 
solvent of an aliphatic hydrocarbon such as iso-pentane, n-hexane, iso-octane and n-heptane, and 

drying the hollow fiber membrane (which swells with the substituting solvent) by evaporating the solvent 
to prepare the dry hollow membrane; 

and also is subjected to the heat treatment at a temperature below the softening point or the second 
25 order transition point of the aromatic polyimide constituting the obtained dry hollow membrane. 

The polyimide gas separating asymmetric membrane of the present invention is made of a special 
soluble aromatic polyimide prepared from the tetracarboxylic acid component mainly containing 2,2-bis(3,4- 
dicarboxyphenyl)hexafluoro-propane or its acid dianhydride, and the aromatic diamine component mainly 
containing diaminobenzothiophenes, diaminodiphenylenesulfones, diaminothioxanthenes and/or dia- 
30 minothioxanthones. 

The gas separating asymmetric membrane such as a gas separating asymmetric hollow fiber mem- 
brane according to the invention exhibits not only high gas selectivities (e.g., PH2/PCH4. £ 50, PH2/PN2 £ 
30) for separating hydrogen gas, oxygen gas, methane gas and carbon dioxide gas from the mixture gas 
containing these gases, but also excellent gas transmission rates for these gases (e.g., hydrogen gas 
35 transmission rate PH 2 * 525H0" 11 m 3 /m 2 »s»Pa (70«10~ 5 cm 3 /cm 2 »sec»cmHg). 

Further, the above-described gas separating asymmetric membrane made of aromatic polyimide can be 
prepared easily with high reproducibility in accordance with the process of the present invention. 

The present invention is further explained below in detail by reference examples and examples, but 
those examples are given by no means to restrict the invention. 

40 

Reference Example 1 

A separable flask equipped with a stirrer and a conduit for introducing thereinto nitrogen gas, was 
charged with a mixture of 20 mmol of 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropanic dianhydride, 79 mmo! 
45 of S.S'A^-biphenyltetracarboxylic dianhydride, 90 mmol of 3,7-diaminodimethyldiphenylenesulfone, 10 
mmol of 4,4 , -diaminodi-phenylether and 31 1 g of p-chlorophenol. The reaction mixture was subjected to a 
polymerisation procedure at 180°C for 16 hours while the mixture was stirred and nitrogen gas flowed 
through the conduit and flask to prepare a solution of an aromatic polyimide at a concentration of 15 wt.%. 

The viscosity (rotational viscosity) of the obtained aromatic polyimide solution was found to be 0.1079 
50 Pa-s (1.079 P) and 0.1507 Pa»s (1.507 P) at temperatures of 100 and 90 °C, respectively. 

The logarithmic viscosity of the polymer in the aromatic polyimide solution was also found to be 1.1 (at 
concentration: 0.5 g/100 g solvent; solvent: mixed solvent consisting of 4 parts by volume of p-chlorophenol 
and 1 part by volume of o-chlorophenol). 

55 Reference Examples 2-9 

Various aromatic polyimide solutions were prepared by polymerisation of the aromatic tetracarboxylic 
acid components and the aromatic diamine components shown in Table 1 in the same manner described in 
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Reference Example 1 . 

Determined solution viscosities (rotational viscosities) of these aromatic poiyimide solutions at 100°C 
were set forth in Table 1 . 

The logarithmic viscosities of the polymers in the aromatic poiyimide solutions obtained in Reference 
5 Examples 2, 4-6, 8-9 were found to be 1.0, and those in Reference Examples 3 and 7 were 0.9 (determined 
conditions were the same as in Reference Example 1). 

Reference Example 10 

70 A separable flask equipped with a stirrer and a conduit for introducing thereinto nitrogen gas, was 
charged with a mixture of 99 mmol of 2,2-bis(3 l 4-dicarboxyphenyl)hexafluoropropanic dianhydride, 100 
mmol of 1,3-diamino-4,6-dimethylbenzene and 309 g of p-chlorophenol. The reaction mixture was subjected 
to a polymerization procedure at 180° C for 58 hours while the mixture was stirred and nitrogen gas flowed 
through the conduit and flask. The viscosity of the obtained reaction solution was found to be not more than 

75 0.1 Pa*s (1 P) (at 100*C), and it meant that a poiyimide having a high molecular weight was not produced. 
Therefore, a dope solution (poiyimide solution) usable for spinning a hollow fiber membrane was not be 
prepared. 

In other words, an aromatic poiyimide of high degree of polymerization is not always prepared by 
polymerization of 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropanic dianhydride with an aromatic diamine of 
20 diaminobenzene-type. 

Symbols in Table 1 represent the following compounds. 



S-BPDA 


^^A^-biphenyltetracarboxylic dianhydride 


6-FDA 


:2,2-bis(3,4-dicarboxyphenyl)hexafluoropropanic dianhydride 


TSN 


:3,7-diaminodimethyldiphenylenesulfone 


DADE 


^•-diaminodiphenylether 


DABA 


:3,5-diaminobenzoic acid 


DMTX 


:3,7«KJiamino-2,8-dimethylthioxanthene-5,5-dioxide 


DADM 


:4,4'-diaminodiphenylmethane 


MMP 


.1 ,3-diamino-4,6-dimethylbenzene 
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Table 1 



Ref. Ex. 


Monomer Components 


Viscosity of Polymer Solution at 100*C/Pa*s (p) 






/mmrtl 

/iniiiui 


ni amino f^/'im r\ 


Milinul 






6- FDA 


20 


TSN 


90 


0.1079(1,079) 




q.DpnA 

O or Un 


7Q 


UnUC 


IU 




2 


6-FDA 


99 


DADE 


60 


91.1 (911) 








UMUIVI 






3 


6- FDA 


98 


TSN 


30 


80 0 (800) 

WW • w 1^ W W V J 








UMUC 


7n 
tyj 




4 


6-FDA 


98 


DMTX 


90 


87 4 (874) 

W # • w \W * J 








UAUt 


IU 




5 


6-FDA 


50 


TSN 


60 


94 9 (949) 




S-BPDA 


49 


DMTX 


30 










DABA 


10 




6 


6-FDA 


50 


TSN 


90 


0.1023(1,023) 




S-BPDA 


49 


DADE 


10 




7 


6-FDA 


99 


TSN 


90 


78.1 (781) 








DADE 


10 




8 


6-FDA 


99 


TSN 


70 


83.7 (837) 








DADE 


30 




9 


6-FDA 


99 


TSN 


100 


95.0 (950) 


10 


6-FDA 


99 


MMP 


100 


not more than 0.1 (not more than 1) 



Examples 1-6 

Dope solutions for spinning were independently prepared by filtrating the aromatic polyimide solutions 
obtained in Reference Examples 4-9 over stainless steel wire nets of 400 mesh. 

A spinning apparatus equipped with a hollow filament spinning nozzle (external diameter of the round 
aperture: 1,000 um; slit width of the round aperture: 200 urn; external diameter of the core aperture: 400 
urn) was charged with each dope solution and then each dope solution was extruded to a nitrogen gas 
atmosphere from the spinning nozzle to form a hollow filament. Each obtained hollow filament was dipped 
into a primary coagulation liquid of 65 wt.% ethanol aqueous solution (at 0*C), and further, was 
accomplished the coagulation by running between a pair of guide rolls in a secondary coagulation liquid (at 
approximately 0°C) in a secondary coagulation apparatus provided with the guide rolls. Thus obtained gas 
separating asymmetric hollow fiber membrane made of aromatic polyimide was pulled by a pulling roll (at 
the rate of 15 m/minute). 

Finally, each obtained asymmetric hollow fiber membrane was wound up around a bobbin. After 
remaining coagulation solvent was thoroughly washed out with ethanol, the ethanol was replaced with iso- 
octane (that is, substituting solvent), and then each asymmetric hollow fiber membrane was heated to 
100°C in order to evaporate iso-octane to dryness. Further, each asymmetric hollow fiber membrane was 
subjected to a heat treatment for 30 minutes at a temperature shown in Table 2 to prepare a dry and heat- 
treated gas separating asymmetric hollow fiber membrane made of aromatic polyimide. 

The results of measurement for gas permeating properties (gas transmission rate and gas selectivity) of 
the obtained gas separating asymmetric hollow fiber membranes made of aromatic polyimide are also set 
forth in Table 2. 

The above gas permeating properties were measured in a following manner. 

First of all, a hollow fiber element for estimating gas permeating property was composed of the 
asymmetric hollow fiber membrane prepared above, a stainless steel pipe and epoxy-type adhesive. 

Then, by means of the hollow fiber element for estimating gas permeating property installed in a 
container made of stainless steel, a gas permeating test was carried out with respect to a mixture of 
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hydrogen gas and methane gas or a mixture of carbon dioxide gas and methane gas under the conditions 
that the temperature was 50 °C and the pressure was 10 kg/cm 2 . Gas transmission rates and the ratios of 
gas transmission rates (which mean selective permeabilities and gas selectivities) were calculated from 
measured values of gas chromatography analysis. 

Comparison Examples 1-3 

The procedure of Example 1 was repeated except using aromatic polyimide solutions obtained in 
Reference Examples 1-3 to prepare asymmetric hollow fiber membranes. 

Gas permeating property of each asymmetric hollow fiber membrane was measured in the same 
manner as described in Example 1. 

Gas permeating properties of obtained asymmetric hollow fiber membranes are set forth in Table 2. 



75 



Comparison Example 4 

The reaction solution obtained in Reference Example 9 had too low viscosity to form an asymmetric 
hollow fiber membrane. 



20 



Table 2 



25 



30 



Temp. Gas Permeating Property of Membranes_ 
Aromatic of Gas trans. Rates* Gas selectivity** 
Polyimide Heat PH 2 PCO2 PO2 PH 2 PCO2 P0 2 PH 2 

/°C (x io-5)*** /pch 4 /PCH 4 /PN 2 /PN 2 



35 



40 



45 



50 



55 



Ex.1 


R.Ex.4 


390 


79 


22 


9.3 


75 


21 


4.8 


41 


2 


5 


280 


71 


20 


8.5 


71 


20 


4.4 


37 


3 


6 


270 


78 


21 


9.1 


65 


18 


4.7 


40 


4 


7 


370 


88 


24 


10.1 


80 


22 


4.7 


41 


5 


8 


350 


72 


21 


8.3 


51 


15 


4.1 


36 


6 


9 


270 


75 


23 


8.5 


79 


24 


4.6 


41 


C.Ex.l 


R.Ex. 1 


300 


28 


7.1 


1.67 


109 


28 


4.6 


77 


2 


2 


290 


35 


15 


5.4 


6 


2.3 


1.2 


7.8 


3 


3 


330 


78 


19 


7.2 


33 


8 


2.3 


25 



note: 



*) cm 3 /cm 2 •sec*cmHg 



m3 



f *) selective permeability 



***) values in m 2. s .Pa are obtained by multiplying 
the above values with the factor 7. 5* 10*" 6 
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Claims 

1. A gas separating asymmetric hollow fiber membrane comprising an aromatic polyimide of which 
recurring unit is expressed by the formula (I): 



10 



O O 
II II 

c c 

V V 
II II 

LOO 



(I) 



75 



wherein A 1 is a tetravalent unit at least 40 molar % of which has a diphenylhexafluoropropane structure 
expressed by the formula (II): 



20 




(ID 



25 



and A 2 comprises at least two divalent units, at least 35 molar % of which is selected from the group 
consisting of 

a unit expressed by the formula (IV): 



30 



35 




(IV) 



in which R 1 and R 2 independently represent hydrogen or an organic group and n is 0, 1 or 2, and 
a unit expressed by the formula (V): 

40 



45 




in which R 3 and R* independently represent hydrogen or an organic group and X is -CH2- or -CO-, and 
the rest of A 2 is a divalent unit derived from a divalent aromatic amine by eliminating its amine groups, 
50 said divalent aromatic amine being selected from the group consisting of diaminodiphenylethers, 
diaminodiphenylmethanes, diaminodibenzyls, diaminobenzophenones, bis(aminophenyl)propanes, ben- 
zidines, phenylenediamines, 3,5-diaminobenzoic acid and 2,6-diaminopyridine. 



2- The gas separating asymmetric membrane as defined in claim 1 , wherein the rest of A 1 is a tetravalent 
55 biphenyl unit expressed by the formula (III): 
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(III) 



3. The gas separating asymmetric membrane as defined in claim 1, wherein all of A 1 is a tetravalent unit 
70 having diphenylhexafiuoropropane structure of the formula (II). 

4. The gas separating asymmetric membrane as defined in claim 1, wherein each of R\ R 2 , R 3 and R 4 
independently is hydrogen or an alkyl group having 1-6 carbon atoms. 

75 5. A process for the preparation of a gas separating asymmetric hollow fiber membrane which comprises 
the steps of: 

preparing a dope solution in which an aromatic polyimide of which recurring unit is expressed by 
the formula (I): 



20 



25 



O O 
II II 

C C 

/ \ / \ o 

•N A* N — A 2 

V V 



(I) 



30 wherein A 1 is a tetravalent unit at least 40 molar % of which has a diphenylhexafiuoropropane structure 
expressed by the formula (II): 



35 




(ID 



40 and A 2 comprises at least two divalent units, at least 35 molar % of which is selected from the group 
consisting of 

a unit expressed by the formula (IV): 



45 



50 




(IV) 



in which R 1 and R 2 independently represent hydrogen or an organic group and n is 0. 1 or 2, and 
a unit expressed by the formula (V): 



56 
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in which R 3 and R 4 independently represent hydrogen or an organic group and X is -CH 2 - or -CO-, and 
the rest of A 2 is a divalent unit derived from a divalent aromatic amine by eliminating its amine groups, 
said divalent aromatic amine being selected from the group consisting of diaminodiphenylethers, 
diaminodiphenylmethanes, diaminodibenzyls, diaminobenzophenones, bis(aminophenyl)propanes, ben- 
zidines, phenylenediamines, 3,5-diaminobenzoic acid and 2,6-diaminopyridine. is dissolved in a polar 
organic solvent, 

extruding the dope solution from a spinning nozzle in the form of a hollow filament, and 
introducing the formed hollow filament into a coagulation liquid of a polar organic solvent to form a 
coagulated gas separating asymmetric hollow fiber membrane. 

6. The process as defined in claim 5, wherein the polar organic solvent for the preparation of the dope 
solution is phenol, cresol, xylenol, catechol. 3-chlorophenol, 4-chlorophenol, 4-bromophenol, 2-chloro-5- 
hydroxytoluene, N-methyl-2-pyrrolidone, N,N-dimethylformamide, N,N-diethylformamide, N,N- 
dimethylacetamide or N.N-diethylacetamide. 

7. The process as defined as claim 5, wherein the coagulating liquid comprises water, methanol, ethano), 
n-propanol, isopropanol, acetone, methyl ethyl ketone, diethyl ketone, or ethyl propyl ketone. 

8. The process as defined as claim 5, wherein the coagulating liquid is a mixture of water and at least one 
organic solvent selected from the group consisting of methanol, ethanol, n-propanol, isopropanol, 
acetone, methyl ethyl ketone, diethyl ketone, and ethyl propyl ketone. 

PatentansprUche 

1. Asymmetrische Gastrenn-Hohlfasermembran, umfassend ein aromatisches Polyimid, dessen wieder- 
kehrende Einheit durch die Forme! (I) 



C C 
. N ' V X N-A2 

V V 
II II 

o o 



(I) 



angegeben wird, worin A 1 eine vierwertige Einheit bedeutet, von der mindestens 40 Mol-% eine 
Diphenylhexafluorpropan-Struktur der Formel (II) 




(II) 



aufweisen, und worin A 2 mindestens zwei zweiwertige Einheiten umfaBt, von denen mindestens 35 Mol- 
% aus der Gruppe, bestehend aus 
einer Einheit der Formel (IV) 
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(IV) 



worin R 1 und R 2 unabhangig voneinander ftir Wasserstoff Oder eine organische Gruppe stehen, und n 
den Wert 0, 1 Oder 2 hat und 
eine Einheit der Formel (V) 




worin R 3 und R 4 unabhangig voneinander fur Wasserstoff oder eine organische Gruppe stehen und X 
fur -CH 2 oder -CO- stent, ausgewahlt sind, und wobei der Rest von A 2 eine Zweiwertige Einheit ist. die 
sich von einem zweiwertigen aromatischen Amin durch Eliminierung seiner Amingruppen ableitet, 
wobei das zweiwertige aromatische Amin aus der Gruppe, bestehend aus Diaminodiphenylethern, 
Diamindiphenylmethanen, Diaminodibenzylen, Diaminobenzophenonen, Bis(aminophenyl)propanen, 
Benzidinen, Phenylendiaminen, 3,5-Diaminobenzoesaure und 2,6-Diaminopyridin ausgewahlt ist. 

Asymmetrische Gastrenn-Hohlfasermembran nach Anspruch 1, dadurch gekennzeichnet, daB der 
Rest von A 1 eine vierwertige Biphenyleinheit der Formel (III) 




(III) 



ist. 

Asymmetrische Gastrenn-Hohlfasermembran nach An-spruch 1, dadurch gekennzeichnet, daB das 
gesamte A 1 aus einer vierwertigen Einheit mit einer Di phenyl hexafluorpropan-Struktur der Formel (II) 
besteht. 

Asymmetrische Gastrenn-Hohlfasermembran nach Anspruch 1, dadurch gekennzeichnet, daB R\ R 2 
R 3 und R 4 jeweils unabhangig voneinander fur Wasserstoff oder eine Alkylgruppe mit 1 bis 6 
Kohlenstoffatomen stehen. 

Verfahren zur Herstellung einer asymmetrischen Gastrenn-Hohlfasermembran, umfassend die Stufen: 

Herstellung einer Poly merlo sung, in der ein aromatisches Poly i mid, dessen wiederkehrende Einheit 
durch die Formel (I) 
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O O 
II II 

c c 

V V 
II II 

LOO 



(I) 



10 



angegeben wird, worin A 1 eine vierwertige Einheit bedeutet, von der mindestens 40 Mol-% eine 
Diphenylhexafluorpropan-Struktur der Formel (II) 



75 




(ID 



20 



aufweisen, und worin A 2 mindestens zwei zweiwertige Einheiten umfaBt, von denen mindestens 35 Mol- 
% aus der Gruppe, bestehend aus 
einer Einheit der Formel (IV) 



25 



30 




(IV) 



worin R 1 und R 2 unabhangig voneinander fur Wasserstoff Oder eine organische Gruppe stehen, und n 
den Wert 0, 1 Oder 2 hat und 
35 eine Einheit der Formel (V) 



40 




45 worin R 3 und R* unabhangig voneinander fiir Wasserstoff oder eine organische Gruppe stehen und X 
fiir -CH2 oder -CO- steht, ausgewahlt sind, und wobei der Rest von A 2 eine zweiwertige Einheit ist, die 
sich von einem zweiwertigen aromatischen Amin durch Eliminterung seiner Amingruppen ableitet, 
wobei das zweiwertige aromatische Amin aus der Gruppe, bestehend aus Diaminodiphenylethern, 
Diamindiphenylmethanen, Diaminodibenzylen, Diaminobenzophenonen, Bis(aminophenyl)propanen t 

so Benzidines Phenylendiaminen, 3,5-Diaminobenzoesaure und 2,6-Diaminophyridin ausgewahlt ist, in 
einem polaren organischen LOsungsmittel gelCst ist, 

Extrudierung der PolymerlOsung aus einer SpinndLise in Form eines Hohlfadens bzw. -filaments 

und 

Einfuhrung des so gebildeten Hohlfadens bzw. -filaments in eine Koagulationsflussigkeit aus einem 
55 polaren organischen Losungsmittel, urn eine koagulierte asymmetrische Gastrenn-Hohlfasermembran 
zu bilden. 
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6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dafl das zur Herstellung der PoiymertSsung 
verwendete polare organische Losungsmittel Phenol, Kresol, Xylenol, Brenzcatechin, 3-ChIorphenol, 4- 
Chlorphe-nol, 4-Bromphenol, 2-Chlor-5-hydroxytoIuol, N-Methyl-2-pyrrolidon, N,N-Dimethylformamid, 
N,N-Diethyfformamid, N,N-Dimethylacetamid Oder N,N-D;ethy!acetamid ist. 

7. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daS die Koagulierungsftussigkeit Wasser, 
Methanol, Ethanol, n-Propanol, Isopropanol, Aceton, Methylethylketon, Diethylketon Oder Ethylpropylke- 
ton umfaBt. 

8. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB die Koagulierungsflussigkeit ein Gemisch 
aus Wasser und mindestens einem organischen Ltisungsmittel, ausgewahlt aus der Gruppe, bestehend 
aus Methanol, Ethanol, n-Propanol, Isopropanol, Aceton, Methylethylketon, Diethylketon und Ethylpro- 
pyiketon ist. 

Revendications 

1. Membrane asymetrique a libres creuses pour la separation de gaz, comprenant un polyimide aromati- 
que dont I'unite r^currente est exprimee par la formule (I) : 



O O 
II II 
C C 

•N / V X N-A2 — 

V V 

II II 
LOO 



(I) 



dans laquelle A 1 est une unite tetravalente dont au moins 40% en moles ont une structure diphSnyl- 
hexafluoropropane exprimee par la formule (II) : 




(id 



et A 2 comprend au moins deux unites divalentes, dont au moins 35% en moles sont choisis dans le 
groupe consistant en : 

une unite exprimee par la formule (IV) : 




(IV) 



dans laquelle R 1 et R 2 sont ind6pendamment un atome d'hydrog&ne ou un groupe organique et n 
0,1 ou 2, et 

une unite exprimee par la formule (V) : 




(V) 
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dans laquelle R3 et R* represented tndependamment un atome d'hydrogSne ou un groupe organique 
et X est un groupe -Chfe- ou -CO-,et le reste de A 2 est constitue par une unit^ divalente d£riv§e d'une 
amine aromatique divalente par Elimination de ses groupes amines, cette amine aromatique divalente 
etant choisie dans te groupe consistant en Ethers diaminodiphenyliques, diaminodiphenylmethanes, 
5 diaminodibenzyies, diaminobenzophEnones, bis(aminophEnyl)-propanes, benzidines, ph6nyfenediami- 
nes, acide 3,5-diaminobenzo*tque et 2,6-diaminopyridine. 



70 



75 



2. Membrane asymetrique pour la separation de gaz suivant la revendication 1, dans laquelle te reste de 
A 1 est une unite biphEnyle tetravalente exprimee par la formule (III) : 



(in) 




20 



3. Membrane asymetrique pour la separation de gaz suivant la revendication 1, dans laquelle la totality de 
A 1 est une unite tetravalente ayant (a structure diphenylhexafluoropropane de formule (II). 

4. Membrane asymetrique pour la separation de gaz suivant la revendication 1 , dans laquelle chacun des 
R\ R 2 , R 3 et R 1 ~ 4 est independamment un atome d'hydrog&ne ou un groupe atkyle ayant 1 h 6 atomes 
de carbone. 

25 5. Procede pour la preparation d'une membrane asymetrique a fibres creuses pour la separation de gaz, 
qui comprend les etapes de : 

preparation d'une solution visqueuse dans laquelle un polyimide aromatique dont I'unite recurrente 
est exprimee par la formule (I) : 



30 



35 



O O 
II II 

c c 

N 7 \^ N N— A 2 

V V 
II II 

LOO 



(I) 



dans laquelle A 1 est une unite tetravalente dont au moins 40% en moles ont une structure diphenyl- 
40 hexafluoropropane exprimee par la formule (II) : 



45 




et A 2 comprend au moins deux unites divalentes, dont au moins 35% en moles sont choisis dans le 
50 groupe consistant en : 

une unite exprimee par la formule (IV) : 



55 
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(IV) 



dans laquelle R 1 et R 2 reprEsentent indEpendamment un atome d'hydrogfcne ou un groupe organique et 
n est 0,1 ou 2, et 

un8 unite exprimEe par la formule (V) : 




dans laquelle R3 et FU reprEsentent indEpendamment un atome d'hydrog&ne ou un groupe organique 
et X est un groupe -CH 2 - ou -CO-, et le reste de A 2 est constituE par une unite divalente dErivEe d'une 
amine aromatique divalente par Elimination de ses groupes amines, cette amine aromatique divalente 
Etant choisie dans le groupe consistant en Ethers diaminodiphEnyliques, diaminodiphEnylmEthanes, 
diaminodibenzyles. diaminobenzophEnones, bis-(aminophEnyl)-propanes, benzidines, phEnyl&nediami- 
nes, acide 3,5-diaminobenzo'ique et 2,6-diaminopyridine, 
est dissous dans un solvant organique polaire, 

extrusion de la solution viqueuse a partir d'une buse de filage sous la forme d'un filament creux, et 
introduction du filament creux formE dans un liquide de coagulation constituE par un solvant 
organique polaire pour former une membrane coagulEe asymEtrique a fibres creuses pour la separation 
de gaz. 

6. ProcEdE suivant la revendication 5, dans lequel le solvant organique polaire pour la preparation de la 
solution visqueuse est le phEnol. le crEsol, le xylEnol, le catechol, le 3-chlorophEnol le 4-chlorophEnol, 
le 4-bromophEnol, te 2-chloro-5-hydroxytoluEne, la N-mEthyl-2-pyrrolidone, le N,N-dimEthylformamide, 
le N.N-diEthylformamide, le N,N-dimEthylacEtamide ou le N,N-diEthylacEtamide. 

7. ProcEdE suivant la revendication 5, dans lequel le liquide coagulant comprend I'eau, le methanol, 
I'Ethanol, le n-propanol, I'isopropanol, PacEtone, la mEthyl Ethyl cEtone, la diEthyl cEtone ou I'Ethyl 
propyl cEtone. 

a ProcEdE suivant la revendication 5, dans lequel le liquide coagulant est un mElange d'eau et d'au 
moins un solvant organique choisi dans le groupe consistant en mEthanol, Ethanol, n-propanol, 
isopropanol, acEtone, mEthyl Ethyl cEtone, diEthyl cEtone ou Ethyl propyl cEtone. 
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